The Tauber perchioric acid method and the Fischl colorimetric procedure were combined into a quantitative method for tryptophan that is applicable directly to proteins without hydrolysis. The colorimetric tryptophan method was compared with both salt fractionation and electrophoretic methods for 26 normal sera and those from 51 patients with various chronic diseases. Analysis of the results for total serum globulins and A/C ratio in the three procedures indicated good agreement. Since serum globulinsincreasein diseasesinvolvingdisturbed protein metabolism, accuracy of the determination increasesas the disease progresses,whereas that for serum albumin falls. The trypt-ophan reaction is also directly applicable to low-protein fluids such as urine or cerebrospinal fluid, where salt fractionation technics are not suitable for determination of the A/C ratio. We confirmed Brackenridge's finding that increase in tryptophan content of malignant sera is due to increased total serum globulin level and not to increased tryptophan incorporation into a particular protein fraction.
ONE OF THE FUNDAMENTAL CHANGES in protein metabolism in disease
is that which results in a decrease of the serum albumin and an increase in the serum globulins, i.e., a lowered A/G ratio (1) . The procedure most commonly employed for determination of the serum A/G ratio is based upon separation of the soluble albumin from the globulin precipitate by means of salt fractionation and flotation of the precipitate into an ether interface by centrifugation. The albumin and the total protein are then determined by the biuret or other colorimetric reaction and the serum globulin content calculated from their difference (2) .
As discussed by Reinhold (2) , a number of factors must be carefully controlled if accurate and reproducible results are to be obtained with this procedure.
These include the concentration and nature of the salt used, the temperature at which separation occurs, and most important, the technic employed in shaking the serum-salt mixture with ether (3, 4) . Published results from this and other laboratories (2, 3) have shown that this method is capable of yielding A/G values which compare favorably (±5%) with those obtained by means of Tiselius moving-boundary electrophoresis, the accepted standard procedure.
However, salt fractionation is not suitable for the quantitative separation of albumin from globulins in biologic fluids of low protein content such as some disease sera, pleural fluid, cerebrospinal fluid, and urine. Since it is the globulin fraction which increases in pathologic fluids, it would be most desirable to have available a simple method for its quantitative colorimetric determination in the presence of albumin without salt fractionation.
Examination of reported data concerning the amino acid composition of purified human serum albumin indicates that it has a tryptophan content of about 0.2%, as compared with a value of 2.0-3.0% for the various serum globulins (5) . As indicated in the publications of Searcy (6) and Brackenridge (7) , there is indeed a direct correlation between the total serum tryptophan and the total serum globulin levels. By combining the recently published procedure of Fischl (8) with that of Tauber (9), a simple but specific method for quantitative colorimetric determination of tryptophan was developed which is directly applicable to determination of total serum globulins without prior hydrolysis.
The procedure yielded values for total serum globulins which were in excellent agreement with those obtained both with the salt fractionation (2, 3) and the electrophoretic (10) methods.
Isopropyl alcohol (Merck) 2. Acetic acid, glacial (Mallinckrodt)
It is best to use acetic acid, which gives little or no purple color for the serum standard with the procedure described below. 
Results

Reproducibility of Method
Eleven aliquots of a standard serum sample (Versatol) were analyzed in duplicate.
Statistical analysis of the data gave a mean value of 2.93 gm./100 ml., with a standard deviation of ± 0.052 and a standard error of ± 0.016. This means that 95 per cent of the values would fall between 2.83 and 3.03 gm./100 ml., with an average error of 3.3 per cent. These values were calculated against a single Versatol sample whose total globulin content was determined with the electrophoretic method.
Comparisonof Method with Other Procedures
In order to compare the results obtained for serum total globulins with the procedure described above with both the salt fractionation (2, 3) and the electrophoretic methods (10), a large number of sera from normal individuals and from patients with chronic diseases was analyzed by means of all three procedures.
Normal Individuals
This group was comprised of 26 healthy individuals of both sexes ranging in age from 21 to 60 years and consisting mainly of laboratory personnel.
Complete analytic data are given in Table 1 for the 11 individuals on whose sera electrophoretic determinations were performed.
A statistical analysis of the data for normal sera is also given in Table 1 . For this group, a slightly smaller standard deviation for albumin, total globulin, and A/U values was obtained with the tryptophan procedure as compared with the salt fractionation values. Both methods give total serum globulin values which check closely with the electrophoretic values, although the A/U ratio values obtained with the tryptophan method are slightly higher than those obtained with the other two procedures.
Since globulins are determined directly in the tryptophan procedure, instead of by calculation, the total globulin/total protein (T.G./T.P.) ratio would be indicative of a relative increase, or decrease, in this fraction which would be independent of the fluctuations of the total protein. The small standard deviation of this value for normal sera makes it a sensitive indicator of changes in the disease state; the changes it indicates are parallel to those signified by the A/U value.
Patientswith Elevated (>4.0 gm./I00 ml.) Total SerumGlobulin Values
This group included 17 seriously ill patients, a large percentage having multiple myeloma. Complete analytic data, including electrophoretic values, are given for 10 of these patients in Table 2 . The statistical data for all 17 cases are also given in Table 2 . These data show that 9 of 17 patients had elevated total serum globulins, as de- termined by the salt fractionation method, as compared with 11 of 17, as determined by the tryptophan method. Both procedures gave low A/U values in 15 of 17 patients, and the T.U./T.P. values were above normal in 16 of 17 cases. For this group (Table 2) , slightly lower standard deviations and standard errors were obtained with the salt fractionation method as compared with the tryptophan method.
-
Patients with Normal (3-4 gm./lOO ml.) Total Serum Globulin Values
This group consisted of 17 patients with various chronic diseases. Electrophoretic determinations were performed on 13; complete analytic data are given for these sera in Table 3 . Although none of these patients had elevated total globulin values, as determined by both the salt fractionation and the tryptophan methods, 5 of 17 had low A/U ratios with the salt fractionation method while 8 of 17 had abnormal values with the tryptophan method. The T.U./T.P. ratio was abnormally high in 11 of 17 patients, again demonstrating the superiority of this ratio as an indicator of disease. The normal total globulin values obtained in many of these patients were the resuit of decreases in their T.P. values, although their serum total globulins were relatively increased.
The statistical data in Table 3 show that while the tryptophan method gave a lower standard deviation and standard error for the total globulins, somewhat lower values were obtained for albumin and A/U ratio with the salt fractionation method.
Patients with Low (< 3.0 gm./l00 ml.) Total Serum Globulin Values This group included 17 patients with various chronic diseases, a relatively large percentage having malignant diseases. Complete analytic data, including electrophoretic results, are given for 9 of these patients in Table 4 . Although 12 of 17 sera gave total globulin values below the lower limit of normal, i.e., below 2.7 gm./100 ml., with the salt fractionation method, these results simply reflect the markedly decreased T.P. of these patients, as none of them had a low A/U ratio. However, 7 of these 17 showed an increase in their T.G./T.P. values, again indicating a relative increase in the globulin fraction in spite of a low T.P. The statistical data for all 17 patients (Table 4) 
Discussion
Both the perchloric acid reaction of Tauber (9) and the HopkinsCole (11) glyoxylic acid reaction have been reported to be specific for the presence of tryptophan in the intact protein or its alkaline hydrolysate.
While no color is formed with any of the other amino acids commonly found in proteins with these tests, the reactions are given by other indole compounds (9, 12) . Rieder and B#{246}hmer (12) recently confirmed the original conclusion of Hopkins and Cole that tryptophan gives a violet color with acetic acid and sulfuric acid only because the former contains appreciable amounts of glyoxylic acid as an impurity.
It was this latter reaction that was modified by Fischl (8) for the quantitative colorimetric determination of tryptophan in alkaline hydrolysates of proteins. This investigator used persulf ate to produce the tryptophan chromogen and thioglycolie acid to control the oxidation induced by the persuif ate. When we attempted to apply this procedure directly to serum proteins in water solution, difficulties were experienced in obtaining results that were both reproducible and stoichiometric. Good results were obtained only when the proteins were precipitated with alcohol prior to the analysis in order to remove interfering substances, and when perchloric acid was substituted for the sulfuric acid in the reaction mixture. The color formed with an alkali protein hydrolysate or with pure tryptophan standards is yellow, with an absorption maimum at 440 m. However, for the determination of total serum globulin, it was found desirable to employ as a standard a serum of known tbtal globulin content, as determined with either the electrophoretic or salt fractionation procedures.
The use of such a standard eliminates the necessity of a correction factor for the small amount of tryptophan present in the albumin fraction of serum, i.e., 0.2 per cent. The difference in the tryptophan content of normal serum (4 gm./100 ml. albumin) and that of abnormal serum (2.0 gm./100 ml. alb'nmin) is negligible as compared with the almost 3 per cent of tryptophan present in the globulin fraction (5) . Before the present simple procedure was arrived at, careful studies were made of the various factors which influence the reaction and its stoichiometry with respect to total globulin concentration; the details of this study will be reported separately.
From an analytic viewpoint, a quantitative method for the direct determination of the serum globulins is more advantageous than one which measures the serum albumin fraction.
With progression of a disease, it is the globulin fraction which increases and can be determined with increased precision, while the fall in the albumin value makes this fraction increasingly more difficult to separate quantitatively by salt fractionation, increasing the analytic error. The tryptophan method can also be applied to the determination of the A/U ratio of such important low-protein biologic fluids as cerebrospinal fluid, urine, pleural fluid, and the like, for which salt fractionation methods have not been applied successfully.
The application of the method to such fluids will be the subject of a subsequent report.
Another advantage of the increased accuracy with which the total serum globulins can be determined in pathologic conditions is the use of the total globulin/total protein (T.U./T.P.) ratio. It should be stressed that in general this ratio closely parallels the commoniy used A/U ratio. However, in borderline cases, the T.U./T.P. may be useful in providing supplemental information as to whether the case warrants a more elaborate investigation, e.g., an electrophoretic analysis of the serum proteins.
In general, we have found both the A/U and T.G./T.P. ratios, as determined with the tryptophan method, very useful indicators of many kinds of serious and chronic conditions (as listed in Tables 1-4) , some of which were undiagnosed at the time of admission.
Our experimental data are in complete agreement with the conclusion reached by Brackenridge (7) that the increased tryptophan value found in malignant sera "is due to an increased globulin level rather than an increased level of tryptophan incorporation in protein."
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